Aim To investigate whether peer support would reduce diabetes distress and improve glycaemic control when added to usual diabetes education among adults with Type 2 diabetes in China.
Introduction
Diabetes is a major public health problem worldwide. The prevalence rate of diabetes among adults in China is estimated to be 11.6% [1] . Considering the increasing numbers and corresponding costs, it is critically important for healthcare providers to improve the efficiency and effectiveness of diabetes care. Disease management is carried out by professional educators and clinicians, including physicians, nurses, dieticians and certified diabetes educators, but in limited settings [2] . Additional barriers to implementing programmes led by health professionals lead to many patients being unable to access these services [3] . In addition, effective self-management support needs to be sustained on a long-term basis in order to achieve gains from more intensive self-management education and training programmes [4, 5] , but provision of such long-term support often requires personnel and resources which healthcare systems are not able to provide. It is important, therefore, to identify novel and sustainable diabetes self-management support models for Type 2 diabetes mellitus in China.
Diabetes-specific distress is associated with adverse diabetes outcomes [6, 7] . Previous reports have suggested that central to distress in people with diabetes are concerns and worries about diabetes and its management [8] .
Peer support is defined as the provision of support from an individual with experiential knowledge based on sharing of similar life experiences [9] . The provision of education and follow-up support by peers are different from, yet complementary to, those of professional healthcare providers, especially with regard to patients living with chronic conditions [2] . Peer support allows patients to share experiences and receive reinforcement that is unavailable from timepressed clinicians, which may be especially beneficial for patients when they are tackling challenging medical tasks, such as insulin management [10] . This model has been used in diabetes and other chronic conditions with generally positive results [11, 12] , but there is limited evidence to support its effectiveness with regard to diabetes distress, particularly for Chinese adults with Type 2 diabetes [13] [14] [15] . Accordingly, the objective of the present study was to investigate if a peer support model could improve diabetes distress as well as clinical indicators among adults with Type 2 diabetes in China.
Material and methods

Study design and setting
This cluster randomized controlled trial of a communitybased peer support programme received ethics approval from the Clinical Research Ethics Committee of Zhongda Hospital Affiliated with Southeast University in Nanjing. The project was implemented in accordance with the requirements of the Consolidated Standards of Reporting Trials (CONSORT) statement and in accordance with guidelines for cluster randomized trials [16, 17] . Eight community health centres in the Xuanwu district in Nanjing were selected, each serving a defined community from which peer leaders and participants were recruited. The populations with Type 2 diabetes served by these ranged from 42 to 77 in size, with a mean of 52.3 AE 2.1 adults (aged ≥18 years) in each. The eight community centres were allocated to receive the intervention by random cluster sampling; participants in the intervention arm received peer support combined with usual education and those in the control arm received usual education. Randomization by community was carried out to avoid individuals interact with each other. The study team coordinated with the staff members of each community health centre to implement and monitor the study. All participants provided written informed consent.
Individuals were eligible to participate in the trial if they were diagnosed with Type 2 diabetes according to the WHO criteria, were aged ≥18 years and participated voluntarily. Exclusion criteria included unstable conditions (e.g. unstable angina pectoris, blood pressure >200/100 mmHg, coexisting infection), mental illness (e.g. substance misuse, schizoaffective disorder, bipolar disorder) or disturbance likely to compromise participation, carcinoma treated with surgery, radiotherapy or chemotherapy in the previous 6 months, or participation in other research likely to compromise or complicate participation in the study.
Each group, organized through community centres, consisted of 10-15 participants and one or two peer support leaders with diabetes. Groups assigned to the intervention arm received peer support combined with usual education for 12 months, while those assigned to the control arm received usual education only. Assessments of all variables were collected at baseline, 6 months and 12 months.
Intervention
Usual education
Usual education consisted of 2 h each month of focused diabetes education. A variety of diabetes self-management interventionists including physicians, certified diabetes educators, dieticians, psychologists and podiatric nurses led individual sessions. Participants also used other resources such as newspapers, networks or other medical institutions to gain information about diabetes self-management.
Peer support
Peer leaders were chosen based on residence, demographics and other characteristics, including interpersonal skills evident in interviews, time available and willingness to cooperate as part of a team and follow study protocols. Peer leaders guided participants to carry out activities with the help of community health centres or medical volunteers. The activities included themed and non-themed activities.
Themed activities reviewed diabetes knowledge and skills at least once a month. An important part of this selfmanagement support was teaching and reinforcing selfmanagement skills. Guided by peer leaders, participants discussed and shared a variety of skills, including healthy meal planning, food preparation, blood glucose monitoring, medication management and physical activities. Peer leaders encouraged participants to communicate and share experience with each other. The leaders also worked with participants to apply knowledge and skills in practice, such as setting or achieving goals, solving problems and overcoming barriers.
Non-themed activities included informal communication among participants through home visits, telephone, e-mails and so on. These were facilitated by the peer support with usual education being organized through community health centres serving individual communities. Many participants knew each other and had frequent occasion to meet each
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ª 2018 Diabetes UK other informally within their communities; thus, there was a variety of ways to increase knowledge about diabetes and self-management for peers, such as during tai chi and openair fitness dancing sessions.
Outcomes
The primary objective of the present trial was to compare the effect of usual education and peer support with usual education alone on diabetes distress among those with Type 2 diabetes at 12 months. In addition, we sought to identify any differential effects on glycaemic control between the two study arms.
Measurements
Diabetes distress survey data and biomedical measures of all participants were collected at baseline, 6 and 12 months. Participants were invited to community health centres independently in advance. Primary outcomes were obtained through one-to-one interviews performed by trained investigators and collected using structured questionnaires, covering social demographics (e.g. sex, age, education, etc.) and diabetes distress. The Diabetes Distress Scale (DDS) is a 17-item selfadministered questionnaire identifying four domains of emotional burden, physician-related distress, regimen-related distress and interpersonal-related distress. The DDS assesses distress experienced over the previous month using a Likert scale, with each item scored from 1 (no distress) to 6 (serious distress). The Chinese version of the DDS has good reliability and validity (Cronbach's a=0.842-0.951) [18] .
Secondary outcome data were collected from venous blood samples and included fasting plasma glucose (FPG), 2-h postprandial glucose (PPG), and HbA 1c concentrations.
Sample size
The sample size estimation was based on HbA 1c values because no literature about the DDS among adults in China was available at the time the project was planned. With two-sided P values of 0.05 taken to indicate statistical significance, a sample size of 141 participants in each study arm was estimated as being sufficient to provide 80% power to detect a mean reduction of 0.4% for HbA 1c in the group receiving peer support with usual education compared with that in the group receiving only usual education at 12-month follow-up. With an anticipated drop-out rate of 20%, it was necessary to recruit 169 participants in each arm.
Statistical analysis
The social demographic data and diabetes distress of the study participants are presented as frequencies (percentage) for categorical variables, and means (AESD) for continuous variables. Differences in descriptive characteristics at baseline, 6-and 12-month follow-up were analysed using the chisquared test for categorical variables and t-tests for continuous data. Statistical significance was set at P<0.05. SPSS 18.0 software was used to analyse all data.
Results
Between 2012 and 2013, a total of 400 adults with diabetes were screened for the present study. A total of 24 peer leaders were recruited and trained, ranging from four to six in each of the four communities assigned to usual education with peer support. Over the 12 months of the study, 58 (29%) of the 200 participants in the usual education with peer support arm were lost to follow-up, in contrast to 37 (18.5%) of those in the usual education arm (Fisher's exact test P = 0.018). Participant-reported reasons for drop-out included moving house, time and competing health issues. Table 1 shows the baseline demographic characteristics and diabetes distress outcomes. There was no difference in variables between the two arms at baseline. The mean (range) age was 68 (39-88) years, and the mean HbA 1c concentration was <2.1 mmol/mol. Table 2 shows diabetes distress and subscales by study arm at 6 and 12 months. Those who received usual education combined with peer support reported significantly lower levels of regimen-related distress (1.2 AE 0.4 vs 1.4 AE 0.6; P=0.004) and total diabetes distress scores (1.3 AE 0.4 vs 1.2 AE 0.3; P=0.038) than those who received usual education alone at 6 months. At the 12-month follow-up, participants in the usual education with peer support arm reported significantly lower levels of emotional burden (1.2 AE 0.3 vs 1.4 AE 0.6; P=0.002), physician-related distress (1.1 AE 0.3 vs 1.3 AE 0.4; P=0.001) and total (1.2 AE 0.3 vs 1.3 AE 0.4; P=0.002) than those in the usual education alone arm. Table 3 shows the differences in clinical outcomes between the two study arms. Participants in the usual education with peer support arm had significantly lower FPG levels than those in the usual education alone arm at both 6 months (7.5 AE 1.95 vs 8.0 AE 2.2; P=0.044) and 12 months (7.0 AE 2.3 vs 7.6 AE 1.5; P=0.008). The peer support with usual education arm also had lower levels of 2-h PPG at 6 months (10.0 AE 4.7 vs 11.0 AE 3.8; P=0.041) but not at 12 months. There was no differences between study arms with respect to HbA 1c at either 6 or 12 months.
Discussion
In this 1-year study, the addition of peer support to usual education was associated with lower levels of diabetes distress compared with usual education alone. Participants also appeared to benefit from additional peer support in terms of FPG levels and, at 6-month follow-up in terms of 2-h PPG levels; however, the addition of peer support was not associated with differences in HbA 1c or in 2-h PPG concentrations at 12-month follow-up.
Although both interventions provide opportunities to share knowledge and skills regarding diabetes, the peer support model offers more opportunities for public recognition as a person challenged by life with diabetes and for sharing experiences with peers. In addition, choosing peers based on their communities resulted in peers and those they supported living in the same neighbourhoods, facilitating connections among participants in the study. For community health centres, peer support could be a viable and economical evidence-based option that needs fewer financial and human resources than interventions involving professional staff.
There is a variety of models through which community health workers who themselves have chronic diseases can serve as peer leaders, and a variety of advantages to such approaches [19] . Peer leaders who share similar experiences to those they help may engender substantial trust from other participants. Peer leaders also educate their peers and encourage and help them to use community health resources effectively. Our novel diabetes self-management support programmes may be especially useful in benefitting the large numbers of participants with limited health literacy.
There is increasing evidence that high level of diabetesspecific distress may account for deterioration in selfmanagement or glycaemic control [20] . Peer-led interventions can provide flexible, long-term self-management support [21] .
As noted, the addition of peer support was associated with benefits for three of the four subscales of the DDS. Regimenrelated distress refers to concerns about diet, physical activity, and medications. Although these are the main topics of much diabetes education, the addition of peer support conferred extra benefit in this area. Emotional burden (feeling overwhelmed by diabetes) is linked to poorer adherence to diabetes management, such as meal planning and less exercise [22] . The additional benefit of peer support in this area may therefore not only reduce emotional burden but perhaps improve adherence as well. Finally, the benefits achieved with regard to physician-related distress (worries about access, trust and care) highlight the role of peer leaders in improving patients' connections with clinical care and relationships with their providers. Several peer leaders had experience in medicine, nursing or community health, along with the ability to hold group sessions. This experience facilitated their arrangement of community resources and also health services.
Interpersonal-related distress (not receiving understanding and appropriate support from others) was not improved by the peer support intervention. As with HbA 1c , interpersonalrelated distress scores at baseline were the lowest among the four distress subscales, indicating that this may not have constituted a problem for most participants. Additionally, in China, many older people spend substantial time in activities around the home or taking care of grandchildren. This focus on family may reduce the extent to which they are susceptible to or may protect them from other sources of interpersonal distress.
Contrary to Heisler's research, which found no association between peer support and diabetes distress, we showed that total diabetes distress score was significantly improved by the combination of peer support with usual education [13] . Heisler's study lasted for only 6 months, however, and included only men. It is worth noting that others have observed that peer support programmes may be more acceptable to women than men [9] .
Educational interventions that involve patient collaboration may be more effective than didactic interventions aimed at improving glycaemic control [4] , as was demonstrated by the FPG and 2-h PPG results in the present study.
In the present study HbA 1c concentration decreased at 12 months compared with baseline and 6 months, although the differences were not statistically significant. These results differ from those of other studies, such as the study by Tang et al. [23] . It is unlikely, however, that a peer support intervention will lower HbA 1c level when it is already at or close to goal [24] . Baseline HbA 1c levels in the present study were <2.1 mmol/mol, suggesting such a 'basement effect' may have been responsible for the lack of significance on this indicator.
This study was conducted mainly among communitydwelling older adults. The acceptability and benefits of such peer support programmes among younger participants needs further research. In addition, participants were all from communities in the city of Nanjing, which raises questions about the generalizability of the results to rural or other urban settings and to populations of differing demographic composition. An additional limitation was posed by the drop-out rates which reached 29% and 18.5% among participants in the usual education with peer support arm and in the usual education arm at 12 months, respectively. The greater drop-out rate in the usual education with peer support arm may have reflected the time demands of participation in the peer support group and may have biased results in favour of that study arm.
In conclusion, usual education supplemented with peersupport facilitated the improvement of diabetes distress more than usual education alone among older adults with diabetes. Although not conclusive for the reasons noted, the present results support further exploration of this model of combined peer support with self management education. A reciprocal peer support model may be an effective and efficient approach for people with diabetes.
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